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This paper presents a mathematically exact self-similar solution to the joint nonsteady problems 
of vapour diffusion towards a droplet growing in a vapour-gas medium and of removal of heat 
released by a droplet into a vapour-gas medium during vapour condensation. An equation for the 
temperature of the droplet is obtained; and it is only at that temperature that the self-similar 
solution exists. This equation requires the constancy of the droplet temperature and even defines it 
unambiguously throughout the whole period of the droplet growth. In the case of strong display of 
heat effects, when the droplet growth rate decreases significantly, the equation for the temperature of 
the droplet is solved analytically. It is shown that the obtained temperature fully coincides with the 
one that settles in the droplet simultaneously with the settlement of its diffusion regime of growth. 
At the obtained temperature of the droplet the interrelated nonsteady vapour concentration and 
temperature profiles of the vapour-gas medium around the droplet are expressed in terms of initial 
(prior to the nucleation of the droplet) parameters of the vapour-gas medium. The same parameters 
are used to formulate the law in accordance with which the droplet is growing in diffusion regime, 
and also to define the time that passes after the nucleation of the droplet till the settlement of 
diffusion regime of droplet growth, when the squared radius of the droplet becomes proportionate 
to time. For the sake of completeness the case of weak display of heat effects is been studied. 



PACS numbers: 



I. INTRODUCTION 



The problem of growth via diffusion of a solitary 
droplet in a supersaturated vapour was a sub ject of nu- 
merous papers Q, 0, i, i, i, i 0, B i, 0, Uli. This 
problem is an important constituent of the whole theory 
of phase transitions kinetics [ij, [Ij, [Ij, [H, [l^. The 
solution of this problem is crucial for a thorough under- 
standing of the ensemble evolution of droplets competing 
for consumption of supersaturated vapour. 

When considering a solitary droplet, primary issues un- 
der study are the time dependence of the droplet radius 
and the concentration profile around the droplet. As far 
back as in the paper by Reiss and La Mer fl5 it was noted 
that the main mathematical difficulty in the description 
of droplet growth is related with the boundary condition 
on its moving surface. Traditionally (e.g. see |5|]) the 
problem of vapour diffusion towards a growing droplet 
was treated in two steps. On the first step one obtained 
vapour concentration profile around the droplet with a 
fixed radius and consequently the diffiision flux. On the 
second step, making use of the diffusion flux value de- 
termined on the first step, the growth rate of a droplet 
radius was determined; and therefore the radius as a 
function of time. When a fixed radius in the expression 
for the vapour concentration profile was replaced with a 
time-dependant radius obtained on the second step, the 
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result was considered as an approximation for the exact 
solution of the diffusion problem. The shortcoming of 
the conventional solution is that the balance of the con- 
densing matter is not maintained. This shortcoming was 
demonstrated recently in the paper [i3|. [l^l presented 
an approximate solution of the diffusion problem com- 
plying with the balance of the condensing matter. 

In the paper by Vasilyev et al. [ll|] another treatment 
of the diffusion problem was realized. The observance 
of the balance of the condensing matter was accepted a 
priori. Then, using dimensional arguments, it was shown 
that the problem could be reformulated in terms of one 
dimensionless variable (instead of two variables - spher- 
ical coordinate and time). Thus in [ll| the mathemati- 
cally exact self-similar solution of the problem of vapour 
diffusion to the growing droplet was obtained. 

To be fair it has to be noted that the reduction of 
a spherically symmetric problem of diffusion of matter 
towards a growing particle of a new phase to one vari- 
able was performed earlier independently by Zener [17[ 
and Frank 18]. In both [131 and [l^ the process under 
consideration was the growth of a crystal in a solution. 
Fuchs ,5] regarded Frank's results as incorrect; and prob- 
ably that was the reason these papers did not receive 
recognition in USSR. 

Despite the fact that the results from papers [T^, [ill 
are highly accurate from a mathematical point of view, 
there are very few possibilities to use them for practical 
purposes. The problem is that, during the condensa- 
tional growth of the droplet, latent heat of condensation 
is released, which causes heating of the droplet and the 



medium around it. For these effects to be neglected, as 
it was done in [I^, [Hi, it is required that a significant 
amount of an inert gas functioning as a thermostat is 
present. This condition is difficult to satisfy in practice. 

The main aim of the present paper is to take into ac- 
count effects of condensation heat release during the dif- 
fusion growth of a droplet in a vapour-gas medium. Here, 
besides the problem of vapour diffusion towards a grow- 
ing droplet, a related heat conductivity problem emerges. 
The finding of solutions of joint diffusion and heat con- 
ductivity problems around the droplet growing in a su- 
persaturated vapour were presented in numerous papers. 
In [i^ these problems were considered in a steady ap- 
proximation. In 0, [201 nonsteady solutions were pre- 
sented; however, these solutions had an essential short- 
coming which was further treated in [lO|. In [8( joint 
diffusion and heat conductivity problems were consid- 
ered with specific time-dependent conditions of heat and 
matter fluxes into the system. In [1^ nonsteady diffu- 
sion and heat conductivity problems were solved for the 
case of crystal growth. Frank [l8| exploited the fact that 
the coefficient of thermal diffusivity in the liquid medium 
significantly exceeds diffusion coefficient. This is not true 
for the case of a vapour-gas medium. 

The present paper is devoted to the determination 
of a self-similar solution of joint nonsteady problems of 
vapour diffusion towards a droplet growing nonisother- 
mally in a vapour-gas medium and of abstraction of heat 
released by the droplet during vapour condensation into 
the vapour-gas medium. 

The basis for this will be the balance equation on the 
number of molecules released by diffusion from vapour by 
the current time and the number of molecules that have 
composed a growing droplet. Although the observance 
of the balance equation will be required at all times af- 
ter the nucleation of the droplet, the self-similar solution 
obtained on its basis will only refer to times when the 
droplet is growing in diffusion regime. 

An equation for the temperature of the droplet will be 
obtained; and it is only at that temperature that the 
self-similar solution exists. This equation will require 
the constancy of the droplet temperature and even will 
define it unambiguously throughout the whole period of 
the droplet growth. 

In case of strong display of heat effects, when the heat- 
ing of a droplet by condensation heat causes a significant 
decrease in its growth rate, the equation for the temper- 
ature of the droplet will be solved analytically. It will 
be shown that the obtained temperature fully coincides 
with the one that, in accordance with [l^, settles in the 
droplet simultaneously with the settlement of diffusion 
regime of its growth. Constant temperature of the grow- 
ing droplet, which is required by self-similar theory, is 
consequently prominent from a physical standpoint, or 
stable, to be more exact. 

At the obtained temperature of the droplet the inter- 
related nonsteady vapour concentration and temperature 
profiles of the vapour-gas medium around the droplet, 



those that have not been studied earlier, will be expressed 
in terms of initial (prior to the droplet nucleation) param- 
eters of the vapour-gas medium. The same parameters 
will be used to express the law in accordance with which 
the droplet is growing in diffusion regime, and also to 
express the previously undiscussed time that passes after 
the nucleation of the droplet till the settlement of dif- 
fusion regime of the droplet growth, when the squared 
radius of the droplet becomes proportionate to time. 

Strong display of heat effects is possible only when 
the initial temperature of vapour differs considerably 
from the critical point liquid- vapour. It is in this case 
that the dimensionless condensation heat (referred to one 
molecule and expressed in heat units of energy) signifi- 
cantly exceeds one. In the present paper it will be shown 
that strong display of heat effects requires only that the 
squared dimensionless condensation heat, which exceeds 
the heat itself significantly, would also exceed the ratio 
between the quantity of the inert gas in the vapour-gas 
medium and the initial quantity of vapour. In this case 
the limitation from above set on the ratio between the 
quantities of the inert gas and vapour will be rather 
weak. Consequently, this bound is compatible with the 
requirement needed for the description of diffusion and 
heat conductivity used in the present paper, i.e. the ratio 
between the quantities of the inert gas and vapour would 
significantly exceed one. 

For the sake of completeness this paper will also exam- 
ine a case when the ratio between the quantities of the 
inert gas and vapour is rather large and heat effects are 
displayed weakly. 

We should ernphasize that the impetus for the cre- 
ation of papers [10, lll| was given by the elaboration of 
the so-called "statistico-probabilistic approach" to taking 
account of vapour depletion in the kinetics of homoge- 
neous nucleation for the free-molecular regime of droplet 
growth [2l| and its further generalization for the case of 
diffusion regime [24I. The essence of this approach, also 
denoted in [22] as a "nearest-neighbour approximation" , 
is the consideration of the influence of a growing droplet 
on the nucleation of the droplet nearest to it. To realize 
this approach one needs to find the concentration profile 
around the growing droplet with high accuracy. 

An important notion of the conventional scheme of the 
description of nucleation [ij, [ij, [ij, [la 13 is the concept 
of collective consumption of excess vapour by growing 
droplets. That concept implies the high degree of spatial 
uniformity of the system. In fact every droplet does not 
consume vapour uniformly from the whole system vol- 
ume, but it does so mainly from its vicinity (named in 
[2(j | as "clearance volume"). The probability of nucle- 
ation of the next droplet in the vicinity of the first one is 
negligible. In papers 21, 22] the process of nucleation of a 
droplet which is the nearest to the given growing droplet 
is investigated. Under certain conditions the mean dis- 
tance to the nearest-neighbour drop and the mean time to 
its appearance can be determined reliably. Under these 
conditions, the mean time provides an estimate for the 



duration of the nucleation stage, while the mean distance 
provides an estimate for the number of drops that formed 
per unit volume during the nucleation stage. 

The solution of joint nonsteady diffusion and heat con- 
ductivity problems suggested in the present paper can 
serve as a step on the way to the generalization of the 
"nearest-neighbour approximation" [2l|, [22| to the non- 
isothermal case. 



II. NONSTEADY VAPOUR CONCENTRATION 

PROFILE AROUND THE DROPLET GROWING 

IN DIFFUSION REGIME 

Let us consider initially homogeneous vapour-gas mix- 
ture at absolute temperature Tq which contains no 
molecules of vapour in one unit of volume. Vapour is su- 
persaturated, so uq exceeds the concentration (number 
density of molecules) of saturated vapour at the plain 
surface of the liquid phase noo{To) at temperature Tq: 
iT-o > noo(Tb). A supercritical droplet nucleates and be- 
gins growing in the vapour, condensing the surrounding 
vapour particles and simultaneously releasing condensa- 
tion heat. Let us consider such conditions when the 
droplet reaches the sizes significantly exceeding the free 
path length A of a vapour molecule in the vapour-gas 
medium. Under these conditions the transfer of vapour 
molecules is governed by the diffusion equation, while 
heat transfer in the vapour-gas medium - by the equa- 
tion of heat conductivity. It should be noted that in this 
paper, unlike in [l9|, we are going to consider nonsteady 
transport phenomena. 

Let us assume that all the heat released on a droplet 
in the process of its growth will be completely drawn- 
off to the vapour-gas medium. This assumption will be 
substantiated for in [1^ . The moment of the nucleation 
of the droplet will be taken as a time reference point 
t = 0. We will designate the radius of the droplet growing 
with time as R{t). 

Let Rd be such droplet radius at which the diffusion 
regime of droplet growth with proportional dependence 
of the squared radius of the droplet on time can be con- 
sidered to be settled. Radius Rjj will be determined by 
the equation 



Rd = NX. 



(1) 



There is arbitrary rule in the definition of multiplier 
N {N ^ 1); in our estimates we will put it that N ^ 10. 
Let us introduce characteristic time to at which the ra- 
dius of the droplet satisfies the initial condition 



Rit)\ 



— Rd- 



(2) 



In accordance with Eq. Q time Id can be interpreted as 
time of the settlement of diffusion regime of the droplet 
growth counted from the moment of the nucleation of 
the droplet, at which the squared radius of the droplet 
becomes proportional to time. Further, when solving the 
transport problem, we will be dealing with times t > to- 



The description of diffusion and heat conductivity used 
further in the paper supposes that the concentration of 
the inert gas ng in the vapour-gas mixture significantly 
exceeds the initial concentration of vapour tiq: 



Ug > no- 



(3) 



Inequality Eq. ([3]), however, should not be too strong. 
Otherwise, the effect of condensation heat release we are 
interested in will not reveal itself. Section |V] will in- 
clude explicit formulation of the upper bound on the ratio 
Ug/no, at which the effect is going to be strong. Inequal- 
ity Eq. Q makes it possible to neglect the difference 
between the free path length of a vapour molecule in the 
vapour-gas medium and in the inert gas. 

The concentration of vapour n{r, t) at distance r from 
the centre of the droplet at time t can be obtained by 
solving the diffusion equation. 



dn (r, t) D d 
dt r^ dr 



i dn (r, t) 
dr 



(4) 



where D is the coefficient of diffusion of vapour molecules 
in the inert gas. Coefficient D depends on the concen- 
tration of the inert gas n^, as well as free path length A, 
in inverse proportion to Ug. Eq. (|4]) is provided with the 
initial condition of homogeneity of vapour concentration 
profile 



n (r, t) 



no, 



(5) 



equilibrium boundary condition on the surface of the 
droplet 



n (r, t) 



--Rit) 



"-00 (Td) 



(6) 



and a boundary condition of the absence of an external 
vapour source 



,dn{r,t) 



dr 



0, 



(7) 



where rioo (Td) is the concentration of saturated vapour 
at the plain surface of the liquid in the droplet at the 
temperature of the droplet Td- The surface can be con- 
sidered plain as the radius of the droplet R exceeds free 
path length A significantly. Due to high density of liquid 
in the droplet in comparison to the density of vapour, 
value rioo (Td), as well as value n^o (2o), is hyposensitive 
to the pressure that the inert gas exerts on the liquid in 
the droplet. 

We will further assume that the temperature of the 
growing droplet Td does no depend on its size and, con- 
sequently, on time. This assumption will be confirmed 
further. Moreover, we will obtain an equation that will 
unambiguously determine the temperature of the droplet 
Td, which is constant in time. The settlement of the 
constant in time temperature of the growing droplet is 
beyond the scope of the self-similar theory. Earlier this 
settlement was studied in (19j |. where it was shown that 



it takes place simultaneously with the settlement of the 
diffusion regime of the droplet growth. 

The important role will be played by the equation on 
the balance of number of molecules of the condensing 
substance: 



4 /"oo 

— i?3 (t) [m - no] = 4^ / drr^ [ 



nQ-n{r,t)], (8) 



where n/ is the number density of molecules in the 
droplet. 

Let us validate this equation. Let us imagine a spher- 
ical surface of radius R (t) around the centre of the 
droplet. At the reference time t = 0, in concord with 
the initial condition Eq. ([5]), inside the surface of radius 
R (t) there was a homogeneous vapour-gas mixture with 
vapour concentration uq. At the time moment t > Id 
inside the same surface there is a droplet with the con- 
centration n;. The difference between the number of 
molecules of the condensing substance inside the spher- 
ical surface of radius R [t) at the time t > tjj and the 
corresponding number of molecules at the time t — Q 
is given by the left side of the equation Eq. ([H]). This 
difference corresponds to the influx of molecules of the 
condensing substance inside the spherical surface of ra- 
dius R{t). 

On the other hand, the difference between the num- 
ber of molecules of the condensing substance outside the 
spherical surface of radius R (t) at the time t — and the 
corresponding number of molecules at the time t > t]j is 
given by the right side of the equation Eq. ([H]). This 
difference corresponds to the escape of molecules from 
vapor-gas mixture outside the spherical surface of radius 
R{t). In conditions of physical isolation of the system, 
which is expressed by a boundary condition Eq. ([7]), 
this difference also corresponds to the influx of vapour 
molecules inside the spherical surface of radius R (t), i.e. 
is equal to the left side of the equation Eq. ([8|) . This very 
fact becomes the substantiation of the balance equation 
Eq. (HI). 

Differentiating equation Eq. ([5]) with respect to t at 
t > ifl, we have 



R' it) ^ [n^ - no] ^ •R' it) ^ 
at at 

no - n{r,t)\^^ou\ - I drr 



R.{t) 



2 dn (r, t) 



Bit) 



at 



(9) 



Using the boundary condition Eq. ^ and engaging 
Eq. (HI when calculating the derivative of n{r, t) on the 
right side Eq. of ([9|), we will rewrite Eq. ((9|) as 



R' it) ^ [m - n. 

at 



iTd)] = -D 



2 dn (r, t) 
dr 



R(t) 



(10) 

If, when dealing with Eq. (fTU)) , we take into account the 
boundary condition Eq. ([7]) , we can derive an expression 
for the rate of the droplet radius change 

dR (t) D dn (r, t) 



dt 



ni 



iTd) dr 



(11) 



Following [ll| , we will introduce a self-similar variable 
p and define it as follows 



p = r/R{t) [p > 1) 



(12) 



We will seek a solution of the equation Eq. ([4]) in the 
form of a function n{p) of one variable p: 



n (r, t) — n (p) . 



(13) 



In accordance with Eqs. (fT^ . (fT5)) for partial derivatives 
of n(r, t) we have 



dn (r, t) 

dt 



r dR (t) dn (p) 

^ ^WJt)~dt d^' 

dn (r, t) 1 dn (p) 

d^ ~ R (t) dp 



(14) 



Using Eq. ([TT|) and the second relation in Eq. (fH)) . we 
have 



Rit) 



dR{t) 



D 



dn (p) 



dt ni - noo iTd) dp 

Let us rewrite Eq. (fTS)) as 



p=i 



^w^-«- 



or, equivalently, as 



dR^{t)/dt = 2Db, 



(15) 



(16) 



(17) 



where a crucial dimensionless parameter b is introduced 
by means of 



1 



dn{p) 



m - noo iTd) dp 



(18) 



p=i 



In accordance with Eq. (fT7|) the derivative dR^{t)/dt 
does not depend on time: along the axis of variable R? 
the droplet is "moving" with a velocity that does not 
depend on time and on the sizes of the droplet itself. 

Integrating Eq. (fT7| with the initial condition Eq. ([2]), 
we have 

R^{t) = 2Dbt + {Rl - 2DbtD) it > to). (19) 

With the increase of time t the role of the addend in 
parenthesis in Eq. (fT9|) decreases, and the dependency 
R^it) becomes compliant with the law 



R^{t) = 2Dbt it>tD). 



(20) 



Which allows us to write the following approximate 
equality 



to 



Rp 

2Db' 



(21) 



r=R{t) 



However, in order to estimate precisely the measure of 
inaccuracy of the approximate equality Eq. (|2ip . one 



still needs to know the law in accordance with which 
R^{t) changes with the increase of time within the in- 
terval < t < t]j. Let us take it into account that the 
growth of the droplet during the interval oiO < t < to oc- 
curs not slower that in accordance with the law Eq. ([20]) 
(in free-molecular regime of growth the squared radius 
of the droplet is changing in proportion to the squared 
time, e.g. [21]). Then we see that Eq. (pij) . already when 
A^ '^ 10, allows us to find the approximate time to which 
is needed to reach compliance with the law Eq. ([^D]) , ac- 
cording to which the squared radius of the droplet grows 
in proportion to time. 

It can be easily shown that, considering Eqs. (fTS]) - 
(fT4|) . (fTB]) . Eq. ([U, can be reduced to the form of an 
ordinary differential equation on the function n{p) of the 
following type 



d^n jp) 



2^ X*^ 
p J dp 



= 0. 



(22) 



Eq. (|22p can be easily integrated. An arbitrary variable 
that emerges after the first integration, considering Eq. 
(lisp , can be expressed by means of parameter b . An 
arbitrary variable that emerges after the second integra- 
tion can be derived from the boundary condition Eq. |(S|). 
which may be rewritten using the dimensionless variable 
p in the following way: 

"(p)lp=i-"oo(rd). (23) 

Thus equation Eq. (P^ will have the following solution: 



(24) 



"- (p) = rioo {Td) +b[ni- Uoo (Tk)] exp 



P dx 
^exp 

X 



Expression Eq. (|24p for vapour concentration should re- 
fer only to times t > tn- The initial condition Eq. ([5]) 
at the time t — Q that is important for the balance equa- 
tion Eq. ([5]) thus loses its meaning in conformity with 
Eq. p4)) . Despite this fact, it is evident from the ini- 
tial condition Eq. ^ and from the boundary condition 
Eq. ([7]) that, if we take physical considerations into ac- 
count, the following boundary condition will be justified: 
"'(''i '•)lr=oo ~ '^0- In terms of variable p it can be rewrit- 
ten as follows 



n{p)\p^ 



no. 



(25) 



Thus the initial concentration of vapour no has the mean- 
ing of a constant in time concentration of vapour at the 
infinite separation from the droplet. 

The boundary condition Eq. (j25p provides the equa- 
tion for the derivation of parameter b. Considering Eq. 
this equation looks as follows: 



a = &exp ( - 



dx 
^7 exp 



-r 



(26) 



Here an important dimensionless parameter a is intro- 
duced. It is defined by an equality 



no 



ATa) 



ni 



my 



(27) 



The solution of the transcendental equation Eq. ((26l) , as 
may be shown, exists and is unique when the values of 
parameters comply with inequalities 



< a < 1, 



< 5 < cx). 



(28) 



In order for Eq. ([27|) to enforce a > 0, the following 
inequality is needed: no ~ noo{Td) > 0. The fact that 
this inequality follows from the inequality no > noo(Tb) 
adopted in the beginning of the section will be justified 
further. In accordance with Eqs. P^ and (|^ and pSj) . 
with the increase of p from 1 to oo, function n(p) increases 
from noo(Td) to no. 

As can be seen from Eqs. ([26l) . ((27|l . in order to deter- 
mine parameter b one needs to know the temperature of 
the growing droplet Td- 



III. NONSTEADY TEMPERATURE PROFILE 

AROUND THE DROPLET GROWING IN 

DIFFUSION REGIME 

Phase transition heat carried away from the droplet as 
the result of condensation of vapour molecules is drawn 
off to the vapour-gas medium. Temperature profile evo- 
lution T (r, t) around the growing droplet complies with 
the equation of heat conductivity 



dTir,t) X d f 2dT{r,t) 



dt 



dr 



dr 



(29) 



with the initial condition of temperature profile homo- 
geneity 



^(^'*)lt=0 ="^0, 



(30) 



with the boundary condition of equality of medium tem- 
perature near the surface of the droplet and a currently 
unknown temperature of the droplet 



T {r,t)l^^^^^) =Td 



(31) 



and with the boundary condition of the absence of an 
external heat source 



dr 



= 0. 



(32) 



Here, x is the coefficient of thermal diffusivity of the inert 
gas. Strong inequality Eq. ^ allows us to neglect the 
differences between the coefficient of thermal diffusivity 
of the vapour-gas mixture and the coefficient of thermal 
diffusivity of the inert gas. Coefficient x, just as coeffi- 
cient £), depends on the concentration of the inert gas ng 



in inverse proportion. Mathematical equivalence of the 
boundary value problem of heat conductivity, Eqs. ^^ 
- (132|), to the diffusion problem, Eqs. Q - ©, allows it 
to be assumed that 



T{r,t)=T{p), 



(33) 



and, taking into account Eqs. (fT^ and P^ . it becomes 
possible at times t > t]j to reduce the problem to the 
solution of an ordinary differential equation 






2D \dTip) 

-+b—p\ — 

p X J dp 







with boundary conditions 



T{p)\, 



^To. 



(34) 



(35) 



(36) 



The boundary condition Eq. ([36]) . analogous to the 
boundary condition Eq. (|25p . follows, on the grounds 
of physics, from the initial condition Eq. pop and from 
the boundary condition Eq. (j32[) . Thus, the initial tem- 
perature To also carries the meaning of constant in time 
temperature at an infinite distance from the droplet. 

Interconnection between the heat conductivity prob- 
lem and the diffusion problem is realized by means of 
equality of heat released from the droplet during the pro- 
cess of vapour condensation and of heat removed from 
the droplet to the vapour-gas medium by means of heat 
conductivity. Let us put down this equality 



qJD (t) = Jg (i) . 



(37) 



Here q is the condensation heat per one molecule. The 
diffusion flux of vapour molecules towards the droplet 
JD and the heat flux jq removed from droplet into the 
medium are determined by the following equalities: 



JD (t) = A-Kr^D 



2 n ^^ (^' *) 



dr 



J, (t) 



, 2 dT{T,t) 
-Airr K 



dr 



--Rit) 



r=R{t) 



(38) 



(39) 



The coefficient of heat conductivity of the inert gas k in 
Eq. ([39]) is related to the coefficient of thermal diffusivity 
of the inert gas x by means of relation 



K = ksUgCgX, 



(40) 



where ks is the Boltzmann constant, Cg is the molecu- 
lar heat capacity of the inert gas at constant pressure 
measured in kg units. As x relates to n^ in inverse pro- 
portion, then the coefficient n does not depend on the 
concentration of the inert gas. 



In Eqs. ([38| . ([39| let substitute derivatives by r for 
derivatives by p. Using Eq. p7p . we obtain the following 
relation 



dT{p) 



dp 



-qD 



dn (p) 



p=i 



dp 



(41) 



p=i 



Taking into account Eq. (fT8| . from Eq. ((4T|) it follows 



dT{p) 



dp 



qbD 



[ni 



(Td)] 



(42) 



The solution of Eq. ([34|) looks as follows 



T (p) = Td [ni - Uoo {Td)] exp - — 

fP dx ' ■ - ^ 



K 



X 



X- 



-exp I 



-'-Rx^' 
2X J 



(43) 



In order to find the arbitrary constant that emerges as 
a result of the first integration, Eq. ([42]) was made use 
of. The constant from the second integration was de- 
rived from the boundary condition Eq. (j35p . Using the 
boundary condition Eq. (|36p . from Eq. (|43p we have 

rr rr. ^qbD (bD\ 

Td = To^ [ni - rioo {Td)\ exp - — 

1^ V2 Xj 



dx 
^exp 

X 



bD . 
2X 



(44) 



Transcendental equation Eq. (|^^ unambiguously sets 
the temperature of the droplet Td, which does not depend 
on the size of the droplet, and, consequently, on time. Eq. 
(|^1)) is a condition that serves for the existence of self- 
similar solutions Eqs. ^^ and (|13|). From Eqs. ([ii)) 
and (|28p it can be seen that Td > Tq. In accordance with 
Eqs. (l43l) and (|44)) . with the increase of p from 1 to oo, 
the temperature decreases from Td to Tq. When the flux 
of the substance in the vapour-gas medium is oriented 
towards the droplet, the heat flux, on the contrary, is 
headed away from the droplet. The fact that inequality 
no — rioo {Td) > 0, needed in accordance with Eqs. PT)) 
and ([^S)) , is observed simultaneously with the observance 
of no — Tioo (To) > 0, despite the inequality Uoa {Td) > 
iiao {To), which follows from Td> To, will become evident 
further from Eq. ([50)1 . 

Relations Eqs. ([^5]) and (|1^ form a system of two 
transcendental equations that makes it possible to find 
the temperature of the droplet Td and parameter b in 
the law Eq. (|^D|) on the droplet growth . 



APPROXIMATION OF HIGH DENSITY OF 
THE LIQUID IN THE DROPLET 



IV. 



The system of Eqs. (1^51) and (pij) can be solved numer- 
ically without any further stipulations. However, under 



the restriction that is fulfilled away from the vapour-gas 
critical point 



ni > no 



(45) 



it is possible to obtain the solution of the system of equa- 
tions Eqs. (|26|) and (|44|) analytically. 

At the observance of a strong inequality Eq. (|45|) , from 
definition Eq. ^T^j it follows 



,1/2 



<1. 



(46) 



Differentiating by b, it is easy to make sure that that the 
following asymptotic formula is just 



OC 7 

ax 
^exp 



r 



■-(- 

6 V2 



i-.-(i 



1/2 



{ib/2)' 



/2 



<C1 



(47) 



If we limit ourselves to the main order when expanding 
Eq. P7|) . it is possible to show that Eq. (|^ results in 

fe = a. (48) 

The consequence of Eqs. (|46l) and (|48l) is the inequality 
(6/2)^^^ < 1 presupposed in Eqs. (gT]) and (gS]). 

Considering that in case of gases the following estimate 
is justified 



D/X r^ 1, 



(49) 



we can use Eq. (|47l) . having replaced b with bD/x- From 
Eq. (|44l) we consequently have 



T, 



To -\ [ni - Uoo {Td)] 

K 



(50) 



Taking Eqs. (|48|) and (j27p into consideration, we can 
rewrite Eq. ([50|) as 



Td = TQ^ [no - noo {Td)] 



(51) 



Let us make sure that Eq. (|5ip on constant in time 
temperature of the droplet is precisely equivalent to the 
analogous equation obtained earlier in |19j . Making use 
of the Clapeyron-Clausius formula at {Td — To)/To ^ 1, 
let us write 



noo {Td) = noo {To) exp 



/ q Td-To 
yksTo To 



(52) 



In Eq. (|52p it is supposed that vapour complies with 
the constitutive equation of ideal gas. Inequality {Td — 
To) /To < 1 wiU be justified later. 

Let us define the initial value of vapour supersaturation 
^0 by means of 



Co 



no - noo (^o) 
noo {To) 



(53) 



Let us introduce an important dimensionless parameter 
k in accordance with 



k = 



ksTo 



ksDno 



(54) 



Taking Eqs. (|40| and ((49l) into consideration, from Eq. 
([54ll we can obtain the following estimate: 



ksTo 



no 



(55) 



From Eqs. ((54|) and ((55|) it can be seen that parameter 
k depends on the concentration of the inert gas Ug in 
inverse proportion to Ug. Beside the dimensionless con- 
densation heat q/ksTo, values Co and k can be also seen 
as initial (prior to the nucleation of the droplet) param- 
eters of the vapour-gas medium. 

If we combine Eq. ([5T|) with the Clapeyron-Clausius 
formula Eq. ([52]), and take into account definitions Eqs. 
([53]) and ([54]) . for Td — To we will have a nonlinear tran- 
scendental equation 



1- 



ksTo \ To 



Td-To\ 1 



1 ( q Td-To 

exp 



1 + Co 



ksTo To 



This equation is identical to Eq. (29) in [T^. 



(56) 



V. STRONG DISPLAY OF CONDENSATION 
HEAT RELEASE EFFECTS 

Far from the liquid- vapour critical point the strong in- 
equality q/ksTo ^ 1 is usually observed. For this very 
reason, when the value of the ratio Ug/no (see condition 
Eq. ([3])) in not too large in comparison to 1, then the 
estimate Eq. ([55]) shows that 



fc>l. 



(57) 



Inequality Eq. ([57)1 . as will be seen further from Eq. 
(IS^ . corresponds to a strong display of condensation heat 
release effects. From Eq. ([55)) it follows that in order for 
Eqs. ([3]) and ([57)) to be compatible there is a need for 



n„ 1 
K — < — 

no Cg 



ksTo 



(58) 



The stronger the inequality g/fcsTo ^ 1; the weaker the 
upper bound on Ug/no in Eq. ()58p . Thus, in this section 
we will study the case when Eq. ([57)) is observed. The 
opposite case, where fc <^ 1, will be studied in the next 
section. Let us stress that a formal transition towards 
the case with fc <C 1 in the formulas obtained from fc ^ 1 
is not justified. 

Solving Eq. ([56)) at the observation of the inequality 
Eq. ([57)) by means of the method suggested in 13| , which 
does not imply the smallness of exponent in Eq. ()52[) , we 
have 



Td-To 
To 



ksTo 



ln(l + Co) (fc»l). (59) 
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It is easy to make sure that Eq. ([59)1 is the solution to Eq. 
([5S)) at the observation of the inequahty Eq. ([57]) and at 
In (1 + Co) ^ 1 (for the initial vapour supersaturation (q 
it is usually correct just that (^o — 3-^5: then the droplet 
can nucleate fluctuationally) . 

From Eq. ^5^, taking g/fcsTo > 1 and In (1 + Co) -^ 1 
into account, the inequality {Tj^—Tq)/Tq <C 1 (used in Eq. 
([5^ ) follows. From Eq. ([55)1 there is also another con- 
clusion, which might seem unexpected at the first sight. 
We will deal with that one further, after Eq. ([69|) . How- 
ever, the stronger the inequality g/fc^To 3> 1 , the less 
is {Td — To) /To in accordance with Eq. ([55)1 . Analytical 
expression Eq. (I59|) is an identical equivalent to a similar 
expression Eq. (45) in [19] 

From Eqs. ^ and ^, taking Eqs. ^ and ^ 
into account, it identically follows that 

(l + Co)ln(l + Co) r ,rr. ^l 

no - "oo [Tdj = ,, , ^. . [no - rioo (Jo)J 



(fc + l)Co 



This particularly shows that no — rtoo (Td) > at no — 
«oo (To) > 0, despite noo (Trf) > noo (To) at Trf > Tq. 
On the basis of Eqs. ([TT]) and ([35]) we have equalities 



dR^/dt 
[dm/dt) 



(0) 



h 

m 



a 



(61) 



where the upper index (0) marks values in the absence 
of condensation heat release effects at the same diffusion 
coefficient D. The ratio in the left part of Eq. (pTj) 
characterizes the degree of change in droplet growth rate 
by means of heat release condensation effects. Developing 
the right part of Eq. ^ by means of Eqs. ^ and p5)) . 
and making use of Eq. (f60|) , we have 



dRydt (l + Co)ln(l + Co) 



(dR'^/dt)^"^ 



(fc + l)Co 



(/c>l). (62) 



Analytical expression Eq. (|62|) is an identical equivalent 
to a similar expression Eq. (51) in [13]. The stronger the 
inequality Eq. (j57p . the more significant, according to 
Eq. ([62]) . is the decline in the rate of droplet growth as a 
result of heat release condensation effects (though simul- 
taneously from Eq. ([55]) it follows that value (T^ — To)/ro 
at given q/ksTo will be practically constant). Inequal- 
ity Eq. ((57)1 is consequently responsible for the strong 
display of condensation heat release effects. 

At the same time we are arriving at an important con- 
clusion. The constant in time temperature of the growing 
droplet, the only condition for the existence of self-similar 
solutions Eqs. ([M)) and (|15)) . coincides with the constant 
temperature of the droplet that settles, in accordance 
with [1^ , simultaneously with the settlement of the dif- 
fusion regime of the droplet. Constant temperature of 
the growing droplet, which is required by the self-similar 
theory, is consequently prominent from a physical stand- 
point, or stable, to be more exact. 



By using Eqs. ^, (gH), ^ and ^, we can reduce 
the self-similar solution from Eq. ([M)) to 



n (p) = no 



1 



ln(l + Co) 
k + 1 



dx 



■ exp 



i-r') 



(fc » 1) , (63) 
and the self-similar solution from Eq. (|43p to 

qDuf) In(l-hCo) f°° dx ( aD 



Tip)=To 



1 



kTo 



1 



^exp 



2X 

(fc > 1)(64) 



By reason of Eqs. ([I2D, ([131) and dUl), Eq. §^ com- 
plies with the diffusion equation Eq. ([4]) and with all the 
boundary conditions Eqs. ([Hj), ^ and ([^ . 

With provision for definition Eq. ([5^ . Eq. ([M]) may 
be rewritten in the form of 



(fc»l).(60) Tip)^To 



ksTp k 
q k + 1 



ln(l + Co) 



dx 

32 exp 



aD 

(fc > 1)(65) 



By reason of Eqs. ([Hj), ([H]), ([2S|), ([5i| and ([551. Eq. 
(|64p complies with the heat conductivity equation Eq. 
([^5)) and with boundary conditions Eqs. ([5^ . ([55)) and 



From Eqs. ^, ^, ^ and ^, with due account 
for definition Eq. ([53)) . for value a in Eqs. ([63)) - ([65)) 
and parameter b in law in Eq. ()17p on the growth of the 
droplet radius in time, we have: 



= b = 



no ln(l + Co) 



ni 



1 



(fc>l). 



(66) 



Eqs. ([55)) - ([^ conjointly with Eq. ([TO)) express 
self-similar solutions n (p) and T (p) directly via initial 
(prior to the nucleation of the droplet) parameters of the 
vapour-gas medium. Eqs. ([55)) - ([55)) . crucial for the 
problem of the nearest-neighbour droplet [2l|, [22] , previ- 
ously have not been obtained. 

Formula Eq. ()66p in accordance with Eq. ([^T)) makes 
it possible to obtain the following expression for time t]j 
that passes after the nucleation of the droplet till the set- 
tlement of the diffusion regime of the droplet growth, at 
which the squared radius of the droplet becomes propor- 
tional to time: 



to — Ri 



ni 



fc + 1 



_no2i?ln(l + Co). 
Eq. ()67p was not previously obtained. 



(fc>l). (67) 



VI. WEAK DISPLAY OF CONDENSATION 
HEAT RELEASE EFFECTS 

For the sake of completeness let us also consider the 
case of weak display of condensation heat release effects. 



In this case, instead of inequality Eq. (I57p the reverse 
inequahty will be observed: 

fc < 1. (68) 

Solving Eq. (|55|) . that is observed irrespectively to the 
value of parameter fc, by means of a petrurbation method 
at fc <c 1, we have 



Td-To fkBTo\ fcCo 



To 



1 + Co 



1 + Co 



(fc « 1) , 

(69) 

which can be also confirmed by a direct verification. 
From Eq. (|69|) and g/fc^To 3> 1 it may be seen that 
at fc 4C 1 the inequality {Td — To) /To <C 1 turns out to 
be a very strong one. 

Let us notice that due to Eq. ^^ value {Td - Tq) /Tq 
in Eq. (j69[) increases with the growth of dimension- 
less condensation heat q/kgTQ, while in Eq. (|59p value 



J 



{Td — To) /To, on the contrary, declines with the growth 
of q/fc^To ^ 1. This difference is attributed to the non- 
linearity of Eq. ([56]) . 

Replacing Eq. ^ with Eq. dM]), instead of Eq. (HO]) 
and Eq. (|62p. that are valid at fc :^ 1, we have 



no-Uoc {Td) 



dR^/dt 
{dR^/dt) 



k 



1 + Co 



(0) 



= 1- 



1 + Co 



[no - noo (To)] (fc « 1) , 
(70) 

(fc « 1) , (71) 



that are valid at fc <C 1. In accordance with Eqs. (jTOl) 
and ([7T|) . heat release condensation effects are displayed 
weakly at fc ^ 1. 

Similarly, replacing Eq. ([59]) with Eq. ([GO]) , instead of 
Eqs. (|55|) - (|67p. that are valid at fc 3> 1, we have 



n {p) = no 



i-^^fi-^ir^-pf-^. 

l + Co V ^ + CoJ Jn a;2 ^V 2 



(fc « 1) , 



(72) 



T(p) = To 



qDnp Co 
kTq 1 + Co V^ 1 + Co 



1- 



dx 



^ exp 



aZ) 



(fc « 1) , 



(73) 



T(p)=To 



fc^Tp fcCo / fc 



q 1 + Co V 1 + C 



dx 



a£) 



^,.exp(^-— X 



(fc « 1) : 



(74) 



no Co 
n; 1 + Co 



1 + Co 



(fc « 1) : 



(75) 



tD^R 



D 



ni_ 1 + Co 
no 2i^Co 



1 + Co 
I 



(fc « 1) , 



(76) 



that are valid at fc ^ 1. Eqs. ([GQ]) - ([76]) include only ini- 
tial (prior to the nucleation of the droplet) parameters of 
the vapour-gas medium. Eqs. ((72|) - ([74|) . crucial for the 
problem of the nearest-neighbour droplet I2ll [22 | , pre- 
viously have not been obtained, neither in [l9|. Within 
limits of fc = 0, Eqs. ([72]), ([75]) and ^ correspond to 
isothermal vapour condensation at the absence of heat 
effects. 

It is easy to make sure that Eq. ([7^ by reason of Eq. 
(|7(I)l and definition Eq. (|53p complies with the bound- 
ary condition Eq. pS]) on the surface of the droplet. It 
is obvious that Eq. ((72)) also complies with the bound- 
ary condition Eq. (|25p in the infinite distance from the 
droplet. For this very reason n {p) changing in Eq. ([7^ 
within the interval of noo {Td) < n{p) < uq, which has 



the width of no - Uoc {Td) set by the Eq. ^U^. This 
width exceeds significantly the one that is provided in 
Eq. (j60p . i. e. width no — riao {Td) of the interval where 
n {p) changing in Eq. ([55)1 in case of fc 3> 1. 

It is also easy to make sure that Eq. (17^ by reason 
of Eq. (|69p complies with the boundary condition Eq. 
([5S)) on the surface of the droplet. It is obvious that Eq. 
((74| also complies with the boundary condition Eq. p6|) 
in the infinite distance from the droplet. For this very 
reason T {p) changing in Eq. (j74p within the interval of 
To < T {p) < Td, which has the width of Ta - Tq set 
by the Eq. ([HO]) . This width is much smaller than the 
one that is provided in Eq. ([55)l . i. e. width Td — Tq of 
the interval where T {p) changing in Eq. (j65p in case of 
fc>l. 
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FIG. 1: The dependency of dimensionless vapour concentra- 
tions TV \p)/no (Curve 1) and rv \p)/no (Curve 2) on di- 
mensionless distance p at rio/Sn; = 10~^ 



FIG. 2: The dependency of dimensionless vapour concen- 
trations TV-^'{p)/no (Curve 1) and nP'{p)/no (Curve 2) on 
dimensionless distance p at no/2ni = 10~^ 



Let us compare Eq. ^^ valid at fc > 1 with Eq. (17^ 
valid at /c <C 1. The multiplier before the integral in 
Eq. (|63p is smaller than multiplier before the integral 
in Eq. ([72]). From Eq. ([Ml) and Eq. dTS]) it is obvious 
that value a in Eq. (p5|) will be also smaller than value 
a in Eq. (j72[) . and, which is important, it will be smaller 
by an equal factor. At this, the integral in Eq. (1551) 
will, on the contrary, exceed the integral in Eq. ([7^ . 
Vapour concentration n (p) in Eq. (p5)) in case oi k ^ 
1, i.e. strong heat effects, will be denoted as rv-^' (p), 
and vapour concentration n (p) in Eq. (|72p in case of 
/c = 0, i.e. complete absence of heat effects, which will 
be considered further for the sake of simplicity, will be 
denoted by means of n^^^ (p). From Eqs. (|60)) . ([TO)) , by 
virtue of Eq. ([55)) and the boundary condition Eq. 
on the surface of the droplet, we then have 



no - n*^^^ (p) 

p=i 

no - n'^' (p) 



ln(l + Co) ,,^^,, 
no — J—, — (k>1), 



k + l 

Co 

= no 

P=i 1 + Co 



(fc = 0) . (77) 



On the other hand, at p = cx) directly from Eqs. ([63)) 
and (1721) we have 



n(i) (p) 
n(2) (p) 



p—oo 



no (fc > 1) , 
= no (fc = 0) , 



(78) 



More precise data on vapour concentration n^ ' (p) and 
n^'^' (p) can be obtained by numerical evaluation. The re- 
sults of calculations of Eqs. ([63)) and ([72)) that represent 
the correlation between dimensionless vapour concentra- 
tions n(^^(p)/no, n(^)(p)/no and dimensionless distance p 
to the centre of the droplet in the units of droplet radius 
are represented by curves 1 and 2 in Figures [Tj and [2l 

Values a in Eqs. ([M)) and ([7^ were accordingly ob- 
tained by means of Eqs. (|66p and ([75)) . In both Figure 



[Tjand Figure [5] in Eqs. ([55)) and ()66p it is assumed that 
fc = 5 (in the case of strong heat effects represented by 
curve 1), while in Eqs. ([7^ and ()75p it is assumed that 
fc = (in the case of a complete absence of heat effects 
represented by curve 2). In both Figure [1] and Figure 
[D it is accepted that Co = 4 (the initial vapour super- 
saturation Co is already so high that a droplet can only 
nucleate in a fluctualtional way) . In Figure[l]it is asserted 
that no/2ni = 10"^, which corresponds to a significant 
remoteness from the critical liquid-gas point, while in 
Figure [D it is asserted that no/2n/ = 10~^, which cor- 
responds to an insignificant remoteness from the critical 
liquid-gas point. 

One can also witness the concordance between Figs. 
[T] and m and Eqs. ([77]) and ([TS]). Let us notice that 
within 1 < p < 21/2/40^/2 Eqs. ([63]) and ([72]) comply 
with the steady theory with high precision (within these 
limits the absolute value of the exponent in Eqs. ([55]) 
and ([7^ is smaller than 1/16, and the exponents them- 
selves are rather close to 1). Thus, it can be seen that 



(p)/no and n^^'{p)/nQ draw near 1 in FiglT] (where 



.1 \f.,i ,.^ — 

no/2n/ — 10~^) still within the limits of the steady the- 
ory, which is correct at all values of p given in the loga- 
rithmic scale in FiglT] In Figl^] (where no/2n; = 10"^) 
the above mentioned curves draw near 1 only within the 
limits of the nonsteady theory, which is correct already 
when p ^ 3. 

It is appropriate to make the following comment: in 
order to find dB?{t)/dt, as can be seen from Eqs. ([17]) 
and ()18p , it is enough to know n (p) only in the infinitely 
narrow vicinity of the droplet. However, in the problem 
of the nearest neighbour droplet [21, 22] one also needs to 
know n (p) in the distance from the droplet. In the case 
when no/2n; = 10"^ (see Figl2]), the profile n (p) will be 
steady only when p ^ 3. Though exactly then the steady 
approximation will be sufficient to obtain dE?(t)/dt, it 
wont be sufficient in the problem of the nearest neighbour 



11 



droplet. Consequently a nonsteady theory is needed to 
obtain self-similar Eqs. §^, §5^, ^ and dTJ). In Fig (H 
the nonsteady theory reveals itself already when p > 3. 

In addition, in Figl3] and HI when studying the case 
of strong heat effects, we have presented a plot of rela- 
tive deviation of temperature of the vapour-gas medium 
[T{p) — To] /To versus dimensionless distance p to the 
centre of the droplet in the units of the radius of the 
droplet. Value T {p) is obtained using Eq. ([55]) : and 
value a - by means of Eq. ([M|) . In the calculations it is 
assumed that g/fc^To = 20, fc = 5, Co = 4 and D/x = 1- 
In Fig[3]it is accepted that no/2ni = 10~^; and in Figd] 
it is accepted that no/2ni = 10~^ In Figl3]the values of 
p are given on a logarithmic scale. 

The fact that the droplet heats the surrounding 
medium, which primarily consists of the inert gas, re- 
sults in a dependence of diffusion coefficient D of vapour 
molecules in the inert gas on the medium temperature 
T. Using the gas-kinetic equation D ~ Xvt/3, where vt 
is the mean thermal velocity of a vapour molecule, con- 
sidering the inert gas to be ideal and remaining at the 
given pressure, we can easily make sure that the coeffi- 
cient D depends on T in direct proportion to T^/^. If we 
denote the coefficient of diffusion, which depends on T, 
by means of Dt, we will then have Dt = [T/Tof/'^D, 
where D is the previously known coefficient of diffusion 
at temperature To in the distance from the droplet. Sup- 
posing that (T — To) /To <; 1, for the relative increase 
of coefficient Dt with the increase of temperature T on 
drawing near the droplet we consequently have 



{DT~D)/D = i{T-To)/2n 



(79) 



As Fig. [3] and [4] show, even at the strong display of 
condensation heat release effects and even on the very 
surface of the droplet, when (T — To) /To is the highest, 
the following will still be correct: (T - To)/To < 0.07. 
This, in accordance with Eq. ([79]) . provides for {Dt — 
D)/D < 0.1. Then, the measure of inaccuracy brought 
in the considered theory will be small and wont exceed 
10%. Let us also note that the measure of inaccuracy 
concerned with the linearization by (T — To) /To of the 
exponent in the Clapeyron-Clausius formula Eq. (|52p is 
of the same order. For this very reason the dependance of 
the diffusion coefficient on temperature can be neglected 
(it is referred to temperature Tq). 




FIG. 3: The dependency of the relative change of tempera- 
ture of the vapour-gas mixture {T{p) — To)/To on dimension- 
less distance p at no/2ni = 10"'' 



Tlp)-T„ 

% 
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FIG. 4: The dependency of the relative change of temperature 
of the vapour-gas mixture (T(p) — To) /To on dimensionless 
distance p at no/2ni — 10~^ 



In accordance with Eqs. (H]), (PTjl and ^T7\ let us write 

Rd ^ lOA, to =i Rl)/{dR^{t)/dt), (80) 

where it is assumed that iV ~ 10. Let us accept that 
Tq = 273 K and Co = 4. The following expressions are of 
no dependence on pressure values Pg of the inert gas: 



VII. ESTIMATES OF COMMON 

CHARACTERISTICS OF A NONISOTHERMAL 

VAPOUR CONDENSATION ON A DROPLET 

GROWING IN DIFFUSION REGIME 

Let us estimate common characteristics of a non- 
isothermal vapour condensation for the case of strong 
and for the case of weak display of condensation heat re- 
lease effects by the example of a particular system water 
vapour in the air. 



noo(To) = 1.6 • 10'^ cm-^, uq = 8 ■ W^ cmT-^ , 
m = 3.3 • 10^2 cm^^, K = 2.62 • 10^ ^^^ 



cm ■ s ■ K' 



q 



ksTo 



17.9. (81) 



Here the data on noo(7o), k, q/kBTo is taken from [23| 
and equation Co = 4 and the definition from Eq. (j53p are 
accounted for. 

In the case of strong display of condensation heat re- 
lease effects we shall assume that Pg = 0.5 atm ~ 5 • 
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10^ dyne/cm'^. By means of constitutive equation of the 
ideal gas with ng obtained above, we have Ug/uQ = 17; 
thus the condition Eq. ([3]) is very well observed. In ac- 
cordance with [23], for D at pg — 1 aim the following 
is correct: D = 2.05 • 10^^ cm? / s. As D depends on 
Pg in inverse proportion, then at pg = 0.5 atm we will 
have D = 4.1 • 10^^ cm'^/s. Then from Eq. ([51)1 . with 
regard to Eq. ([5T|) . we have k — 5.6, and then from 
Eq. dMl), with regard to Eq. Co = 4 and Eq. ([8l|), we 
have a = 6 = 5.9 • 10~^. Simultaneously from Eq. p7|) 
we have dR^{t)/dt ~ 4.8 • 10"^ cm^/s. Value k = 5.6 
complies perfectly with Eq. ()57p . i. e. the condition 
of strong display of heat effect. Further, when we have 
found D from the gas-kinetic formula D ~ Xvt/3 taking 
into account an easily obtained value vt = 5.7- 10** cm/s 
of the heat velocity of a water vapour molecule, we can 
come to A ~ 2.2 ■ 10"^ 



71. Then, from Eq. (I80[) . when 
the value dR^/dt has been already obtained, we have 
Rd o± 2.2 • 10-* cm and to ^ 1.0 • 10"^ s. 

In the case of weak display of condensation heat re- 
lease effects we will still assume that Tg = 273 K and 
Co = 4. However, we will suppose that Pg — 10 atm ~ 
10^ dyne /err?, i. e. we will increase the pressure of the 
inert gas 20-fold. Despite this fact, the data from Eq. 
([STjl will still be valid due to its rather low sensitivity 
to Pg (at ni ^ no). Now, due to the constitutive equa- 
tion of the ideal gas we will have Ug/no — 3.4 • 10^, thus 
the condition Eq. ([3]) is very well observed. Simulta- 



neously we will have D = 2.05 • 10 ^ cm?/s, and, con- 
sidering Eqs. ((Ml), dZS]) and dTT]) with regard to ([STjl . 
we will also have k = 0.28, a = b = 1.9 • 10^^ and 
dR^{t)/dt = 7.8 • 10""^. Value k = 0.28 complies with the 
condition of weak display of heat effect (at k — 0.28 and 
Co = 4 one can neglect a correctional member in terms 
of k in Eq. dZni)). Finally, at Z? = 2.05 • 10"^ cm'^/s, 
and Vt — 5.7 • 10** cm/s using the gas-kinetic formula 
D ~ Xvt/'^ we have A ~ 1.1 • 10~^ cm, and then by means 
of relations in Eq. ()80p we have Ro ~ 1.1 • 10~^ cm and 
to ^ 1.6- lO-'^ s. 

At the transition from the case of strong heat effect 
to the case of weak heat effect the derivative dR?{t)/dt, 
notwithstanding Eq. ([S^ . is decreasing. This fact can 
be explained as now during this transition we see a sig- 
nificant decrease of the coefficient of diffusion D, which 
was considered constant in Eq. ([62)l . 
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